Establishing a gingival fibroblast phenotype in a perfused degradable polyurethane scaffold: mediation by TGF-β1, FGF-2, β1-integrin, and focal adhesion kinase.
Medium perfusion has been shown to enhance cell proliferation and matrix protein production. In more recent work, under perfusion, a degradable/polar/hydrophobic/ionic polyurethane (D-PHI) scaffold was shown to enhance growth and production of collagen by human gingival fibroblasts (HGFs). However, the nature of the HGFs cultured in the perfused D-PHI scaffolds, and the mechanisms by which medium perfusion activates these cells to facilitate proliferation and collagen production are not defined. The current study sought to investigate HGF interaction within the D-PHI scaffolds under perfusion by examining the production and the spatial distribution of α-smooth muscle actin (α-SMA) and type I collagen (Col I), the secretion of transforming growth factor (TGF)-β1 and basic fibroblast growth factor (FGF-2) in the conditioned medium, with a goal of defining the mechanistic pathways affecting the production of these markers in the dynamic culture. It was found that the perfused D-PHI scaffold shifted the HGF phenotype from myofibroblast-like (upregulation of α-SMA) to fibroblast-like (downregulation of α-SMA) over the course of 28 days. Both TGF-β1 and FGF-2 were significantly greater in the dynamic vs. static culture at day 1. Although TGF-β1 has been often reported to increase α-SMA and collagen expression, the D-PHI material and significant high level of FGF-2 at day 1 of dynamic culture appear to play a role in regulating α-SMA production while allowing HGFs to increase Col I production. β1-integrin production was increased and focal adhesion kinase (FAK) were activated 2 h after HGFs were exposed to medium perfusion, which may have in part promoted cell growth, α-SMA and Col I production in the early dynamic culture. Consequently, the D-PHI material and medium perfusion has modulated fibroblast phenotype, and enhanced cell growth and Col I production through the coordinated actions of TGF-β1, FGF-2, β1-integrin and FAK.